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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority of Korean Patent Application No. 2002-49698, filed 
on August 22, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a block synchronization detection apparatus and 
method, and, more particularly, to a block synchronization detection apparatus and method for 
detecting a block synchronization by which an error correction code (ECC) block is 
discriminated from another ECC block in a system having a decoder for decoding an ECC in 
units of ECC blocks, each block including a plurality of sectors. 

2. Description of the Related Art 

[0003] Systems having a decoder for decoding an ECC in units of ECC blocks, where each 
block includes a plurality of sectors, include drivers for driving a disc, such as a DVD-ROM, a 
DVD-R, a DVD-RW, a DVD+R, a DVD+RW, a DVD-RAM, or a blu-ray disc (BD). Each sector 
contained in an ECC block is allocated a number so that the sectors can be discriminated from 
one another. For example, when one ECC block contains 16 sectors and the sector number is 
sequentially increased from 0, the sectors are numbered as 0, 1, 2, 3, . . . , 14, and 15. 

[0004] Thus, a decoder of a conventional disc driver performs block synchronization using 
sector numbers. That is, the conventional decoder detects a sector number of input data and 
generates a block synchronization detection signal if the detected sector number is a first sector 
of an ECC block. When one ECC block contains 16 sectors and the sector numbers are 
sequentially increased from 0, a sector number indicating the first sector of the ECC block is 
represented as 0 (0000 in the binary number system), and when the sector numbers are 
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sequentially decreased from 15, the sector number indicating the first sector of the ECC block is 
represented as 15 (1111 in the binary number system) . 

[0005] However, if due to defects of the input data or other reasons, the first sector number of 
the ECC block is not detected, the conventional decoder cannot detect block synchronization for 
the currently-input ECC block. For example, when one ECC block contains16 sectors and a 
sector number is sequentially increased from 0, if an (n-1)-th sector number is 15 and an n-th 
sector number is 1 , the conventional decoder cannot detect block synchronization. 

[0006] Block synchronization is used to control a buffer memory for storing data in units of 
input ECC blocks or to correct data errors. However, if block synchronization of an m-th ECC 
block cannot be detected, the buffer memory is overwritten with data of the currently input m-th 
ECC block in a region in which an (m-1)-th ECC block is stored. Thus, errors occur in the 
number of reproduced ECC blocks such that normal data processing cannot be performed. 

[0007] In addition, if block synchronization for the m-th ECC block cannot be detected, error 
correction for the (m-1 )-th ECC block is not performed. This is because if block synchronization 
for the m-th ECC block is detected, error correction for the (m-1)-th ECC block is performed. 

SUMMARY OF THE INVENTION 

[0008] It is an aspect of present invention to provide a block synchronization detection 
apparatus and method, by which block synchronization for discriminating an error correction 
code (ECC) block from another one is detected even when a first sector of the ECC block is not 
detected in a system having a decoder for decoding an ECC in units of ECC blocks. 

[0009] It is another aspect of present invention to provide a block synchronization detection 
apparatus and method, by which errors in the number of reproduced ECC blocks is minimized 
and accurate error correction is performed in a system having a decoder for decoding an ECC 
in units of ECC blocks. 

[0010] Additional aspects and/or advantages of the invention will be set forth in part in the 
description that follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0011] To achieve the above and/or other aspects of the present invention, there is provided 
a block synchronization detection apparatus in a system having a decoder that decodes an error 
correction code (ECC) in units of blocks comprising a plurality of sectors, the apparatus 
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including an operator performing an operation on a predetermined last sector number, an n-th 
sector number, and an (n-1)-th sector number contained in a block, based on a predetermined 
operation relation; and a comparator comparing a result of the operation output from the 
operator with a predetermined threshold value and outputting the result of the comparison as a 
block synchronization signal. 

[0012] The comparator compares the result of the operation with the predetermined 
threshold value based on a comparison relation set depending on whether sector numbers 
contained in the block are sequentially increasing or decreasing. 

[0013] If the sector numbers contained in the block are sequentially increasing, the 
comparator determines whether the result of the operation is smaller than a first predetermined 
threshold value, and if the sector numbers contained in the block are sequentially decreasing, 
the comparator determines whether the result of the operation is greater than a second 
predetermined threshold value. 

[0014] The operation performed by the operator subtracts the (n-1 )-th sector number from 
the predetermined last sector number, adds the n-th sector number to a result of the subtraction, 
and outputs a result of the addition. 

[0015] The apparatus further includes a delay unit that delays the (n-1)-th sector number for 
one sector duration before providing the (n-1)-th sector number to the operator. 

[0016] The predetermined threshold value is set to determine block synchronization when 
errors occur in a plurality of the sector numbers. 

[0017] The predetermined threshold value is set to determine block synchronization when a 
first sector number for the block is not detected. 

[0018] To achieve the above and/or other aspects of the present invention, there is provided 
a block synchronization detection apparatus in a system having a decoder that decodes an error 
correction code (ECC) in units of blocks having a plurality of sectors, the apparatus including a 
first block synchronization detection unit that, when sector numbers contained in a block are 
sequentially increasing, determines whether a result of an operation using a plurality of the 
sector numbers contained in the block is smaller than a first predetermined threshold value, and 
outputs a result of the determination as a block synchronization signal; and a second block 
synchronization detection unit that, when the sector numbers contained in the block are 
sequentially decreasing, determines whether a result of an operation using a plurality of the 
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sector numbers contained in the block is greater than a second predetermined threshold value, 
and outputs a result of the determination as a block synchronization signal. 

[0019] The first and second predetermined threshold values are set to determine block 
synchronization when errors occur in a sector in which block synchronization is to be detected 
and in a plurality of the sector numbers adjacent to the sector in which block synchronization is 
to be detected. 

[0020] The first and second predetermined threshold values are set to determine block 
synchronization when a first sector number for the block is not detected. 

[0021] The apparatus further includes a delay unit that delays input of one of the sector 
numbers for one sector duration. 

[0022] The plurality of sector numbers contained in the block comprise an n-th sector 
number, a (n-1)-th sector number provided by the delay unit, and a predetermined last sector 
number of the block. 

[0023] To achieve the above and/or other aspects of the present invention, there is provided 
a block synchronization detection method in a system having a decoder that decodes an error 
correction code (ECC) in units of blocks having a plurality of sectors, the method comprising: 
performing an operation on a predetermined last sector number, an n-th sector number, and an 
(n-1)-th sector number contained in a block; setting a comparison relation between a result of 
the operation and a predetermined threshold value depending on whether sector numbers 
contained in the block are sequentially increasing or decreasing; comparing a result of the 
operation with the predetermined threshold value according to the set comparison result; and 
outputting a result of the comparison as a block synchronization signal. 

[0024] The performing an operation comprises subtracting the (n-1)-th sector number from 
the predetermined last sector number and adding the n-th sector number to a result of the 
subtraction. 

[0025] The setting of a comparison relation includes: when the sector numbers are 
sequentially increasing, setting the comparison relation to compare whether the result of the 
operation is smaller than a first predetermined threshold value, and when the sector numbers 
are sequentially decreasing, setting the comparison relation to compare whether the result of 
the operation is greater than a second predetermined threshold value. 

[0026] The first and second predetermined threshold values are different values. 
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[0027] The first and second predetermined threshold values are set to determine block 
synchronization when errors occur in a sector in which block synchronization is to be detected 
and in a plurality of the sector numbers adjacent to the sector in which block synchronization is 
to be detected. 

[0028] The first and second predetermined threshold values are set to determine block 
synchronization when a first sector number for the block is not detected. 

[0029] To achieve the above and/or other aspects according to the present invention, there is 
provided a block synchronization detection apparatus for a device having a decoder that 
decodes an error correction code (ECC) in units of blocks, each block having a plurality of 
sectors, the apparatus comprising: a delay unit receiving an n-th sector number, delaying 
transmission of the n-th sector number for one sector duration, and outputting an (n-1 )-th sector 
number; a first block synchronization detection unit performing an operation using a last sector 
number, the n-th sector number, and the (n-1)-th sector number, and determining, when sector 
numbers contained in a block are sequentially increasing, whether a result of the operation is 
less than a first predetermined threshold value, and outputting a first result of the determination; 
a second block synchronization detection unit performing the operation using the last sector 
number, the n-th sector number, and the (n-1)-th sector number, and determining, when the 
sector numbers contained in the block are sequentially decreasing, whether a result of the 
operation is greater than a second predetermined threshold value, and outputting a second 
result of the determination; and a multiplexer receiving the first result and the second result and 
selectively transmitting the first result or the second result as a block synchronization signal 
depending on whether the sector numbers are increasing or decreasing. 

[0030] To achieve the above and/or other aspects according to the present invention, there is 
provided a block synchronization detection apparatus in a system having a decoder that 
decodes an error correction code (ECC) in units of blocks comprising a plurality of sectors, the 
apparatus including an operator performing an operation on a predetermined last sector 
number, an n-th sector number, and an (n-1)-th sector number contained in a block, based on a 
predetermined operation relation; and a comparator comparing a result of the operation output 
from the operator with a predetermined threshold value and outputting the result of the 
comparison as a block synchronization signal, the block synchronization signal being used to 
discriminate one ECC block from another ECC block when a first sector of the one ECC block is 
not detected. 
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[0031] These, together with other aspects and/or advantages that will be subsequently 
apparent, reside in the details of construction and operation as more fully hereinafter described 
and claimed, reference being had to the accompanying drawings forming a part thereof, wherein 
like numerals refer to like parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the preferred embodiments, 
taken in conjunction with the accompanying drawings, of which: 

FIG. 1 is a block diagram illustrating a block synchronization detection apparatus 
according to an embodiment of the present invention; 

FIG. 2 is a block diagram illustrating first and second block synchronization detection 
units shown in FIG. 1; 

FIG. 3A shows an example of block synchronization detection according to the present 
invention and a conventional method when a sector number is normally detected in a system in 
which one ECC block includes 16 sectors with sequentially increasing sector numbers; 

FIG. 3B shows an example of block synchronization according to the present invention 
and a conventional method when the sector number is abnormally detected in a system in which 
one ECC block includes 16 sectors with sequentially increasing sector numbers; 

FIG. 4A shows an example of block synchronization according to the present invention 
and a conventional method when the sector number is normally detected in a system in which 
one ECC block includes 16 sectors with sequentially decreasing sector numbers; 

FIG. 4B shows an example of block synchronization according to the present invention 
and a conventional method when the sector number is abnormally detected in a system in which 
one ECC block includes 16 sectors with sequentially decreasing sector numbers; 

FIG. 5A shows an example of block synchronization according to the present invention 
and a conventional method when the sector number is normally detected in a system in which 
one ECC block includes 32 sectors with each sector number increasing by 2; 

FIG. 5B shows an example of block synchronization according to the present invention 
and a conventional method when the sector number is abnormally detected in a system in which 
one ECC block includes 32 sectors with each sector number increasing by 2; 
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FIG. 6A shows an example of block synchronization according to the present invention 
and a conventional method when the sector number is normally detected in a system in which 
one ECC block includes 32 sectors with each sector number decreasing by 2; 

FIG. 6B shows an example of block synchronization according to the present invention 
and a conventional method when the sector number is abnormally detected in a system in which 
one ECC block includes 32 sectors with each sector number decreasing by 2; and 

FIG. 7 is a flowchart illustrating a block synchronization detection method according to 
the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0033] Hereinafter, an embodiment of the present invention will be described in detail with 
reference to the attached drawings, wherein the like reference numerals refer to the like 
elements throughout. The present invention may, however, be embodied in many different 
forms and should not be construed as being limited to the embodiment set forth herein; rather, 
this embodiment is provided so that the present disclosure will be thorough and complete, and 
will fully convey the concept of the invention to those skilled in the art. 

[0034] FIG. 1 is a block diagram illustrating a block synchronization detection apparatus 
according to an embodiment of the present invention. Referring to FIG. 1 , the block 
synchronization detection apparatus includes a delay unit 100, a first block synchronization 
detection unit 110, a second block synchronization detection unit 120, and a multiplexer MUX 
130. The block synchronization detection apparatus may be included in a decoder for decoding 
an error correction code (ECC) in units of ECC blocks. 

[0035] The delay unit 1 00 delays transmission of input sector numbers for one sector 
duration. Thus, when an n-th sector number SN(n) is input, an (n-1)-th sector number SN(n-1) 
is output. The n-th sector number SN(n) and the (n-1)-th sector number SN(n-1) are detected 
by an ID detection unit (not shown) of the decoder. The ID detection unit detects an 
identification information ID from the input data. 

[0036] When the sector numbers contained in an ECC block are sequentially increased, the 
first block synchronization detection unit 110 detects block synchronization for the input data 
using the n-th sector number SN(n), the (n-1)-th sector number SN(n-1) transmitted from the 
delay unit 100, an externally-input last sector number LSN, a first threshold value, and a sector 
number increase and decrease selection signal. The last sector number LSN is preset. For 
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example, when one ECC block includes 16 sectors and the sector numbers are sequentially 
increased from 0 to 15, the last sector number LSN is preset to 15. 

[0037] The first block synchronization detection unit 110 includes an operator 201 and a 
comparator 202, as shown in FIG. 2. 

[0038] To detect block synchronization, the operator 201 performs an operation using the last 
sector number LSN, the n-th sector number SN(n), and the (n-1)-th sector number SN(n-1), as 
shown in the following equation. 



LSN-SN(n-1) + SN(n) 



[0039] The result of the operation is provided to the comparator 202, .which outputs 
information regarding whether block synchronization has been detected. The comparator 202 
compares whether the result of the operation output from the operator 201 is smaller than an 
input threshold value. The comparator 202 operates in the first block synchronization detection 
unit 110 when the sector number increase and decrease selection signal indicates increasing 
sector numbers. For example, if a "1" indicates that the sector numbers are increasing, the 
comparator 202 operates when the sector number increase and decrease selection signal is 
input as "1." 

[0040] Thus, the first block synchronization detection unit 110 operates when the sector 
numbers in the ECC block are increasing. In this case, the threshold value input into the 
comparator 202 is the first threshold value shown in FIG. 1 . The first threshold value and the 
sector number increase and decrease selection signal may be provided from a system control 
unit (not shown). 

[0041] The first threshold value is set by considering conditions in which block 
synchronization can be detected, even when errors occur in a plurality of adjacent sector 
numbers including a first sector of the ECC block. 

[0042] The second block synchronization detection unit 120 has the same structure as that of 
the first block synchronization detection unit 110. However, the second block synchronization 
detection unit 120 operates when the sector numbers contained in one ECC block are 
decreasing. Thus, an externally-input last sector number LSN, a second threshold value, and a 
sector number increase and decrease selection signal have values different from those input 
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into the first block synchronization detection unit 110. For example, when one ECC block 
includes 16 sectors and the sector numbers are sequentially decreased from 15 to 0, the last 
sector number LSN is preset to 0. 

[0043] Also, the second threshold value is set to satisfy the same conditions as those of the 
first threshold value. However, the first block synchronization detection unit 1 10 is used when 
the sector numbers are increasing, and the second block synchronization detection unit 120 is 
used when the sector numbers are decreasing. Thus, the first and second threshold values 
differ from one another. For example, when one ECC block includes 16 sectors, the first 
threshold value may be set to 3 or 5, while the second threshold value may be set to "10" or 
"12." The first and second threshold values are also set by considering the reproduction 
characteristics of a medium for providing data. For example, the first and second threshold 
values may be set depending on whether the medium is a DVD, a blu-ray disc (BD), or a CD. 

[0044] The second block synchronization detection unit 120 may include the operator 201 
and the comparator 202, as shown in FIG. 2. In this case, the threshold value of FIG. 2 is the 
second threshold value shown in FIG. 1, and the sector number increase and decrease 
selection signal is set to "0" to discriminate the sector number increase and decrease selection 
signal from that of the first block synchronization detection unit 110. 

[0045] The multiplexer MUX 130 selectively transmits block synchronization signals, each of 
which is output from the first block synchronization detection unit 110 and the second block 
synchronization detection unit 120. The operation of the multiplexer 130 is controlled in 
response to the sector number increase and decrease selection signal. 

[0046] According to one aspect of the present invention, the block synchronization detection 
apparatus may not include the multiplexer 130 MUX of FIG. 1 , and may directly transmit each of 
the block synchronization signals output from the first block synchronization detection unit 110 
and the second block synchronization detection unit 120. 

[0047] When the block synchronization detection apparatus according to the present 
invention is applied to a system in which one ECC block includes 16 sectors and the sector 
numbers in the ECC block are increasing, the results of block synchronization detection may be 
obtained as shown in Table 1 , which shows examples of abnormal detections of sector 
numbers, based on a correlation between an (n-1)-th sector number (i.e., the preceding sector 
number), an n-th sector number (i.e., the present sector number), a last sector number LSN, 
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and a threshold value. Table 1 shows an example of block synchronization detection when the 
threshold value is set to "3" and "5." 

[0048] For example, in the first row of block synchronization detection results in Table 1 , the 
(n-1)-th sector number is 1 2 and the n-th sector number is 14. Because the detection of sector 
number 12 is followed by a clock period extension, sector number 14 is detected rather than 
sector number 13. For a threshold value of 3, the result of the equation above is compared with 
the threshold value of 3. If the result of the equation is greater than or equal to 3, the block 
synchronization detection value becomes "0," indicating block synchronization has not been 
detected. If the result of the equation is less than 3, the block synchronization detection value 
becomes "1," indicating block synchronization has been detected. 



Table 1 
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[0049] FIGS. 3A and 3B show timing diagrams for the block synchronization detection results 
shown in Table 1 . That is, FIG. 3A shows an example of block synchronization detection 
according to the present invention and a conventional method when a sector number is normally 
detected in a system in which one ECC block includes 16 sectors and the sector numbers are 
sequentially increasing, and FIG. 3B shows an example of block synchronization according to 
the present invention and a conventional method when the sector number is abnormally 
detected in a system in which one ECC block includes 16 sectors and the sector numbers are 
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sequentially increasing. In FIG. 3B (as well as FIGS. 4B, 5B, and 6B described below), block 
synchronization cannot be detected using the conventional method when the sector number is 
abnormally detected. The dashed lines in FIGS. 3B, 4B, 5B, and 6B indicate the position where 
block synchronization must be detected. The solid lines in FIGS. 3B, 4B, 5B, and 6B indicate 
the position where block synchronization is detected according to the present invention. 

[0050] In addition, when the block synchronization detection apparatus according to the 
present invention is used in a system in which one ECC block includes 16 sectors and the 
sector numbers in the ECC block are decreasing, the results of block synchronization detection 
may be obtained as shown in Table 2, based on a correlation between the (n-1 )-th sector 
number, the n-th sector number, the last sector number LSN, and the threshold value. Table 2 
shows an example of block synchronization detection when the threshold value is set to "12" 
and "10." 



Table 2 
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[0051] FIGS. 4A and 4B show timing diagrams for the block synchronization detection results 
shown in Table 2. That is, FIG. 4A shows an example of block synchronization according to the 
present invention and a conventional method when the sector number is normally detected in a 
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system in which one ECC block includes 16 sectors and the sector numbers are sequentially 
decreasing, and FIG. 4B shows an example of block synchronization according to the present 
invention and a conventional method when the sector number is abnormally detected in a 
system in which one ECC block includes 16 sectors and the sector numbers are sequentially 
decreasing. 

[0052] When the block synchronization detection apparatus according to the present 
invention is applied to a BD in which sector numbers are increasing by 2, the results of block 
synchronization detection may be obtained as shown in Table 3. Table 3 shows an example of 
block synchronization detection when the threshold value is set to "6" and "10." 



Table 3 
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[0053] FIGS. 5A and 5B show timing diagrams for the block synchronization detection results 
shown in Table 3. That is, FIG. 5A shows an example of block synchronization detection 
according to the present invention and a conventional method when the sector number is 
normally detected in a system in which one ECC block includes 32 sectors and the sector 
numbers are increasing by 2, and FIG. 5B shows an example of block synchronization detection 
according to the present invention and a conventional method when the sector number is 
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abnormally detected in a system in which one ECC block includes 32 sectors and the sector 
numbers are increasing by 2. 

[0054] When the block synchronization detection apparatus according to the present 
invention is applied to a BD in which sector numbers are decreasing by 2, the results of block 
synchronization detection may be obtained as shown in Table 4. Table 4 shows an example of 
block synchronization detection when the threshold value is set to "24" and "20." 



Table 4 
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[0055] FIGS. 6A and 6B show timing diagrams for the block synchronization detection results 
shown in Table 4. That is, FIG. 6A shows an example of block synchronization detection 
according to the present invention and a conventional method when the sector number is 
normally detected in a system in which one ECC block includes 32 sectors and the sector 
numbers are decreasing by 2, and FIG. 6B shows an example of block synchronization 
according to the present invention and a conventional method when the sector number is 
abnormally detected in a system in which one ECC block includes 32 sectors and the sector 
numbers are decreasing by 2. 
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[0056] The threshold values shown in Tables 1 through 4 may be varied according to the 
operational conditions of the corresponding system. 

[0057] In the above embodiment, the block synchronization detection apparatus includes 
both the first block synchronization detection unit 110 and the second block synchronization 
detection unit 120. However, one block synchronization detection unit may be used to perform 
all of the functions of the first block synchronization detection unit 110 and the second block 
synchronization detection unit 120. In this case, the block synchronization detection unit is 
structured as shown in FIG. 2 with the comparator 202 setting a comparison relation between 
the results of an operation transmitted from the operator 201 in response to the input sector 
number increase and decrease selection signal and the threshold value and comparing the 
result of the operation to the threshold value. That is, when the applied sector number increase 
and decrease selection signal indicates that the sector numbers are increasing, the comparator 
202 sets a comparison relation to compare whether the result of the operation is smaller than 
the threshold value. On the other hand, when the applied sector number increase and decrease 
selection signal indicates that the sector numbers are decreasing, the comparator 202 sets a 
comparison relation to compare whether the result of the operation is greater than the threshold 
value. 

[0058] FIG. 7 is a flowchart illustrating a block synchronization detection method according to 
the embodiment of the present invention. 

[0059] An operation on the n-th sector number SN(n), the (n-1 )-th sector number SN(n-1 ), 
and the last sector number LSN is performed at 701 according to the equation above. The last 
sector number LSN is preset according to the specification of an ECC block to be processed. 

[0060] A comparison relation between the result of the operation and the predetermined 
threshold value is set at 702 depending on whether the sector numbers in the ECC block are 
sequentially increasing or decreasing. That is, when the sector numbers are sequentially 
increasing, the comparison relation is set to compare whether the result of the operation is 
smaller than the predetermined threshold value. On the other hand, when the sector numbers 
are sequentially decreasing, the comparison relation is set to compare whether the result of the 
operation is greater than the predetermined threshold value. 

[0061] The threshold value used when the sector numbers are sequentially increasing and 
the threshold value used when the sector numbers are sequentially decreasing are different, as 
described above in relation to FIGS. 1 and 2. The threshold value is obtained by considering 
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conditions in which block synchronization can be detected even when errors occur in a sector 
number in which block synchronization is to be detected, and in at least one adjacent sector 
number, as described above in relation to FIGS. 1 and 2. That is, even when a first sector 
number in the ECC block is not detected, the threshold value is obtained by considering 
conditions in which block synchronization can be detected. 

[0062] The result of the operation is compared at 703 with the predetermined threshold value 
based on the comparison relation set at 702. At 704, the result of the comparison is output as a 
block synchronization signal. That is, when the sector numbers are sequentially increasing, if 
the result of the operation is smaller than the threshold value, a signal indicating block 
synchronization detection is output. On the other hand, when the sector numbers are 
sequentially decreasing, if the result of the operation is greater than the threshold value, a signal 
indicating block synchronization is output. 

[0063] As described above, the block synchronization detection apparatus and method 
according to the present invention can detect block synchronization for discriminating one ECC 
block from another, even when, due to defects of input data or other reasons, a first sector of an 
ECC block is not detected in a system having a decoder for decoding an ECC in units of ECC 
blocks. Thus, a buffer memory for storing data in units of ECC blocks can be easily controlled, 
and a phenomenon in which error correction in units of ECC blocks is not performed because 
block synchronization is not detected can be prevented. 

[0064] Although an embodiment of the present invention has been shown and described, it 
will be appreciated by those skilled in the art that changes may be made in this embodiment 
without departing from the principles and spirit of the invention, the scope of which is defined in 
the claims and their equivalents. 
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